The Block Universe idea, representing spacetime as a fixed whole, suggests the flow of time is an illusion: the entire universe just is, with no special meaning attached to the present time. This paper points out that this view, in essence represented by usual space time diagrams, is based on timereversible microphysical laws, which fail to capture essential features of the time-irreversible macro-physical behaviour and the development of emergent complex systems, including life, which exist in the real universe. When these are taken into account, the unchanging block universe view of spacetime is best replaced by an evolving block universe which extends as time evolves, with the potential of the future continually becoming the certainty of the past; spacetime itself evolves, as do the entities within it. However, this time evolution is not related to any preferred surfaces in spacetime; rather it is associated with the evolution of proper time along families of world lines.
The block universe
The standard spacetime diagrams used in representing the nature of space and time present a view of the entire spacetime, with no special status accorded to the present time; indeed the present ('now') is not usually even denoted in the diagram. Rather all possible 'present times' are simultaneously represented in these diagrams on an equal basis. This is the usual space-time view associated both with special relativity (when gravity is negligible, see e.g. [20] ) and with general relativity (when gravity is taken into account, see e.g. [26] (possibly with a cosmological constant) or simple matter (e.g. a perfect fluid, an electro-magnetic field, or a scalar field), everything that occurs at earlier and later times is locally known from the initial data at an arbitrary time, evolved according to time reversible local physics; hence there is nothing special about any particular time. In a few cases time irreversible physics is taken into account (for example nucleosynthesis in the early universe), but the notion of the present as a special time is still absent.
This view can be formalised in the idea of a block universe [8, 37, 44] 1 : space and time are represented as merged into an unchanging spacetime entity, with no particular space sections identified as the present and no evolution of spacetime taking place. The universe just is: a fixed spacetime block. In effect this representation embodies the idea that time is an illusion: it does not 'roll on' in this picture. All past and future times are equally present, and there is nothing special about the present ('now'). There are Newtonian, Special Relativity, and General Relativity versions of this view (see Figs. 1, 2, 3, 4), the latter being most realistic as it is both relativistic and includes gravity. 2 The warrant for this view in the case of special relativity is the existence and uniqueness theorems for the relevant fields on a fixed Minkowski background spacetime; for example, the existence and uniqueness theorems for fluid flows, for Maxwell's equations, or for the Klein Gordon equation (see [24, 51, pp. 243-252] ). In the case where gravity is significant, the warrant is the existence and uniqueness theorems of general relativity for suitable matter fields [26, pp. 226-255, 51, pp. 252-267] . They show that for such matter, initial data at an arbitrary time determines all physical evolution, including that of the space-time structure, to the past and the future equally, because we can predict and retrodict from that data up to the Cauchy horizon. The present time has no particular significance; it is just a convenient time surface we chose on which to consider the initial data for the universe. We could have equally chosen any other such surface.
The unfolding of time
This block view is however an unrealistic picture because it does not take complex physics or biology seriously; and they do indeed exist in the real universe. The irreversible flow of time is one of the dominant features of biology, as well as of the physics of complex interactions and indeed our own human experience [34] . Its associated effects are very significant on small scales (cells to ecosystems), though they are probably unimportant on large scales (galaxies and above).
This scale-dependence is a key feature, intimately related to the question of averaging scales in physics: every description used in any physical theory, including every spacetime description, involves an explicit or implicit averaging
